Medicinal plant materials are not usually analysed for condensed tannins (CT). Thirty 11 commercially available European medicinal plants and herbal products were screened for CT 12 and fourteen CT samples were analysed in detail. This is also the first comprehensive CT 13 analysis of pine buds, walnut leaves and heather flowers and great water dock roots. 14 Acetone/water extracts contained between 3.2 and 25.9 g CT/100 g of extract, had CT with mean 15 degrees of polymerisation of 2.9 to 13.3, procyanidin/prodelphinidin ratios of 1.6/98.4 to 100/0 16 and cis/trans flavan-3-ol ratios of 17.7/82.3 to 97.3/2.7. The majority of samples contained 17 procyanidins, four contained A-type linkages (blackthorn flowers, heather flowers, bilberry 18 leaves and cowberry leaves) and one sample also had galloylated procyanidins (great water dock 19 roots). 20 21
Introduction 27
Folk medicine in Europe uses plants against a wide range of illnesses [1, 2] , as food or dietary 28 supplements and as herbal products [3] . The most popular oral intake is via herbal infusion, 29 decoction or as ethanol extracts [2] . Several beneficial actions of medicinal plants have been 30 attributed to tannins [4, 5] , and their traditional uses include treatments of diarrhoea, heavy metal 31 poisoning [2] or mild peptic ulceration [5] . Condensed tannins (CT, Fig. 1 ) are also of interest 32 for their antimicrobial, antiviral and antitumour effects; and for their health benefits in cases of 33 cardiovascular, diabetes and inflammatory issues and effects on innate immune responses [6] [7] [8] . 34
However, commercially available medicinal plants are not usually analysed for CT and the 35 European Pharmacopeia recommends that all tannins be quantified simply as pyrogallol 36 equivalents [9] ; but this provides no accurate information on CT contents or composition. 37
Detailed information on these well-known antioxidants [6] in medicinal plants could prove 38 useful for research into their bioactivities, whether on their own or in combination with other 39 plant compounds [2, 10] and may also contribute to the stability of active ingredients. Therefore, 40
we first screened several medicinal plants and herbal products that are widely used in European 41 folk medicine. A subset of extracts from materials with the highest CT contents was then 42 analysed in detail for their flavan-3-ol compositions [11] . 43 44 2. Materials and methods 45 grade), acetonitrile (HPLC grade), dichloromethane (LR grade), hexane (GLC, pesticide residue 48 grade) and methanol (HPLC grade) were obtained from ThermoFisher Scientific 49 (Loughborough, UK); benzyl mercaptan (99%), catechin hydrate (≥98%), epicatechin (90%), 50 epigallocatechin (95%), gallocatechin (≥97%), catechin gallate (≥98%), epicatechin gallate 51 (≥98%), epigallocatechin gallate (≥95%), gallocatechin gallate (≥98%), quercetin (≥99%), 52 leaf extracts were analysed with gradient 2 (solvent A: 1% acetic acid/Milli-Q H2O; solvent B: 79 acetonitrile) as follows: 0-52 min, 0-36% B; 52-60 min, 36-50% B; 60-65 min, 50-100% B; 65-80 73 min, 100-0% B; 73-80 min, 0% B). Flavan-3-ols and their benzyl mercaptan (-BM) adducts 81 were identified [14] and quantified [11] Extracts were also assayed for free flavan-3-ol monomers and their 3-O-galloylated derivatives 92 as these interfere with the calculation of CT concentration and composition [19] . Extracts (4 mg) 93
were dissolved in a mixture of methanol (2.05 ml), H2O (2.5 ml) and the internal standard 94 (taxifolin, 0.5 ml; 0.05 mg/ml in methanol), vortexed and centrifuged (5 min, 3000 rpm) prior to 95 Although mass responses of B-type dimers and trimers relative to epicatechin were similar, i.e. 140 0.96 and 1.04 [29] , no information exists on the relative mass or molar response factors of A-141 type dimers and trimers against taxifolin. Two reports stated that the molar absorptivity of the 142 epicatechin dimer (PC A2) was not equal to two times the molar absorptivity of epicatechin at 143 280 nm [30, 31] . Indeed, we found a mass response factor of 0.29 and a molar response factor of 144 0.55 for the PC A2 dimer against taxifolin, and used the molar response in this study. This is in 145 line with other work, where the relative molar response was twice that of the corrected relative 146 mass response of PC A2 against epicatechin [30] . Finally, the same relative molar response 147 factors were used for the A-type dimer-and trimer-BM adducts in line with a previous report on 148 A-type dimers and their BM adducts [23]. 149 150
Characterisation of B-type CT 151
Overall, CT contents ranged from 3.2 to 20.2 g CT/100 g extract, mDP-values from 4.2 to 13.3, 152 PC/PD ratios from 1.6/98.4 to 100/0 and cis/trans flavan-3-ol ratios from 17.7/82.3 to 97.3/2.7 153 (Table 2) White clover flowers contained CT with the highest mDP-value (13.3), the highest PD 165 percentage (98.4%) and a moderate cis/trans ratio (61.1/38.9; Table 2 ). This closely resembles 166 previous results where PD percentage was 99%, cis/trans ratio of 66/34; however, the mDP of 167 4.4 was much lower [13] . Epigallocatechin was the main extension unit and gallocatechin was 168 the only terminal unit ( Table 3 ). The blackcurrant leaf extract also contained CT that consisted 169 mostly of PD (95.3%), had an mDP of 6.0 and a cis/trans ratio of 17.7/82.3 (Table 2) . Whilst the 170 mDP-value and PD percentage were similar to previous report (5.4 and 94.2, respectively), the 171 cis/trans ratio differed noticeably (9.1/90.9) [13]. The birch leaf extract had mixed CT with, a 172 PC/PD ratio of 58.9/41.1, an mDP of 4.2 and a cis/trans ratio of 62.9/37.1. These CT contained 173 catechin as the main terminal unit and epicatechin as the main extension unit. 174
The hawthorn flower extract had only PC with an mDP of 4.8 and a cis/trans ratio of 97.3/2.7 175 (Table 2) . Epicatechin was found in extension units and both catechin and epicatechin in 176 terminal units (Table 3) Table 2) . The Tilia flower extract also had pure PC with an 183 mDP of 5.8, which concurs with a report that described PC oligomers up to pentamers [33] . 184
These CT had a very high proportion of cis-flavan-3-ols (90.6%). 185
Of particular interest was the great water dock root (Rumex hydrolapathum) extract as it had the 186 highest CT content (25.9 g/100 g extract), a high percentage of cis-flavan-3-ols (94.7%) and PC 187 that contained 52% of the flavan-3-ols as gallate esters ( Table 2 ). The chromatographic profile 188 The PC from blackthorn flower extract had a particularly low mDP (2.9) and a moderate 199 cis/trans ratio (67.0/33.0), but had the highest percentage of A-type linkages (25.3%) which 200 were present in terminal units ( Table 2 and 3). Cowberry leaf extract had PC with an mDP of 201 6.5, a cis/trans ratio of 68.5/31.5 and 17.1% of the flavan-3-ols had A-type linkages ( Table 2) . 202
The presence of pure PC agrees with previous report [35] . A-type dimers occurred in terminal 203 units and both A-type dimers were released from extension units (Table 3) 
; somewhat unusually, 204
A-type trimers also came from extension units. Bilberry leaf extract had PC with an mDP of 6.6, 205 a cis/trans ratio of 92.2/7.8 and a low percentage of A-type linkages (7.3%, Table 2 ). A-type 206 trimers were detected as terminal units and both A-type dimers and trimers as extension units. 207 that the percentages of PD can vary in bilberry leaves [35] . 209
The flavan-3-ol composition of CT from heather flower extract is reported here for the first time. 210
These PC had an mDP of 7.2 and a cis/trans ratio of 87.5/12.5; and 6.7% of flavan-3-ols were 211 present in A-type linkages. A-type trimers were detected as terminal units and A-type dimers as 212 extension units. 213 214
Other flavonoids 215
Whilst this work focussed on CT we also provide information on a few flavonoids (rutin, 216 quercetin and quercetin-hexoside) in the Appendix (Table A. Table 2 Condensed tannin (CT) contents, mean degree of polymerisation (mDP), procyanidin/prodelphinidin (PC/PD) and cis-/trans-flavan-3-ol ratios, percentages of galloylation and A-type linkages in aqueous acetone extracts of medicinal plants or herbal products. 
Figure Caption

Figure 1
Chlorophyll and lipids were removed with dichloromethane (125 ml). Solvents were removed on a rotary evaporator at 35 °C and the aqueous phase was centrifuged for 3 min at 4500 rpm (Jouan CR3i Multifunction Centrifuge, Thermo Electron Corporation, Basingstoke, UK).
Extracts were freeze-dried and stored at -20 °C (see Table A .2 for extract yields). Deionised water was purified in an Option 3 water purifier (ELGA Process Water, Marlow, UK). 
A.1.4 Standards
A.1.5. CT quantification
Due to interfering peaks, quantification was done with taxifolin as an external standard [11] , which was prepared as thiolysis blank. Taxifolin was dissolved in the 'thiolysis' reagent, 26 which was identical to the thiolysis solution used for samples, but it did not contain the sample and benzyl mercaptan was replaced by methanol.
A.2 Calculations of CT composition
The following equations were used for the calculation of: Table A .4 Data of B-type condensed tannins and galloylated procyanidins in extracts that were not corrected for free flavan-3-ols.* 
